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AbstractThe reduction of phenol and/or for-
maldehyde consumption during phenolic resin syn-
thesis is of great technological and scientific interest 
because of its economic and environmental implica-
tions. 
In this work, the addition of sodium lignosul-
fonate as partial replacement of phenol in the phe-
nolic resol base resins used for decorative laminates 
production is experimentally studied. The work in-
volves: i) the characterization and reactivation of 
lignosulfonate, ii) the industrial synthesis of tradi-
tional and modified resols by replacement of 
10%w/w of phenol, iii) the industrial impregnation 
of Kraft-type papers with the produced resins, iv) 
the production of laminates at laboratory and indus-
trial scale, and, v) the measurement of their final 
properties. Tensile, bending and impact strength 
were evaluated. Modified laminates exhibited me-
chanical properties statistically comparable with 
those of traditional laminates. 
Industrial tests were carried out at Centro S.A, 
San Francisco, Córdoba. 






G]LHOODet al WKH\DUHXVHG LQDZLGHYDULHW\RI
DSSOLFDWLRQV VXFKDV WKHSURGXFWLRQRIGHFRUDWLYH ODPL





QRPLF DQG HQYLURQPHQWDO LPSOLFDWLRQV3 DQG) DUH QR
UHQHZDEOHWR[LFVXEVWDQFHVZLWK/'YDOXHVLQUDWVRI
PJNJ DQG PJNJ UHVSHFWLYHO\ 'RQJUH et al.,
2QHDOWHUQDWLYHWRUHSODFH3LQ3)UHVLQVLVWRXVH
OLJQLQV GXH WR WKH VWUXFWXUDO VLPLODULW\EHWZHHQ OLJQLQV
DQG3)UHVLQV)RUVVDQG)XKUPDQ/LJQLQDQGLWV




UDWH FHOOXORVH /LJQRVXOIRQDWHV DUH ZDWHU VROXEOH FRP
PHUFLDO OLJQLQVFRQWDLQLQJVXOIXUDQGKLJKDVKDQGVXJ
DUV FRQWHQWV /LJQLQ UHDFWLYLW\ LV ORZ )DONHKDJ 
GXHWRWKHLQFUHDVHGOLJQLQULQJVXEVWLWXWLRQUHVSHFWWR3
WKDW JHQHUDWHV VWHULF LPSHGLPHQW .XRet al.  ,Q
RUGHUWRLQFUHDVHWKHUHDFWLYLW\OLJQLQUHTXLUHVDFKHPL
FDO PRGLILFDWLRQ )RUVV DQG )XKUPDQ  'ROHQVNR
DQG &ODUNH  WKDW LV YLWDO WR SURGXFH UHVLQV ZLWK
JRRG TXDOLW\ 'LIIHUHQW WHFKQLTXHV RI OLJQLQ PRGLILFD
WLRQV KDYH EHHQ UHSRUWHG EXW WKH K\GUR[\PHWK\ODWLRQ
ZLWK ) LQ DONDOLQH FRQGLWLRQV LV WKHPRVW XVHGPHWKRG
IRU UHVROV V\QWKHVLV $ORQVR  8QJXUHDQX et al





SUHJQDWLRQ KDV EHHQ VFDUFHO\ VWXGLHG 6HLGO 
6LEDOLVDQG5RVDULR6HLGODQG)XOOHU0D
KHQGUDQet al., $GHFRUDWLYHODPLQDWHFRPSULVHVD
GHFRUDWLYH VXUIDFH DQG D VXEVWUDWH 7KH GHFRUDWLYH VXU
IDFHFRQVLVWVRQDQDFHOOXORVHSDSHU LPSUHJQDWHGZLWK
PHODPLQHIRUPDOGHK\GH UHVLQ 0) DQG WKH VXEVWUDWH
FRQVLVWVRQDVHWRI.UDIWW\SHSDSHUVLPSUHJQDWHGZLWK
DUHVROW\SH3)UHVLQ7KHLQGXVWULDOSURGXFWLRQRIGHFR
UDWLYH ODPLQDWHV UHTXLUHV WKUHH EDVLF VWHSV L V\QWKHVLV
RIWKHEDVHUHVLQVLLLPSUHJQDWLRQDQGGU\LQJRISDSHUV
DQGLLLFRPSUHVVLRQPRXOGLQJRIWKHVDQGZLFKVWUXFWXUH
FRPSRVHG E\ WKH LPSUHJQDWHG SDSHUV DQG WKH0) VXU
IDFH DW KLJK SUHVVXUH DQG WHPSHUDWXUH 7  & DQG
S NJFP
,Q WKLV ZRUN UHVRO W\SH 3) UHVLQV WUDGLWLRQDO DQG
PRGLILHGE\SDUWLDOUHSODFHPHQWRI3ZLWKZZVR
GLXP OLJQRVXOIRQDWH ZHUH V\QWKHVL]HG DQG XVH IRU WKH
SURGXFWLRQRIODERUDWRU\DQGLQGXVWULDOODPLQDWHV$UH
SODFHPHQWRI ZZRI3ZDV DGRSWHG IROORZLQJ WKH
FRPSRVLWLRQXVHGLQWKHFRPPHUFLDOSDUWLFOHERDUGVSUR
GXFWLRQSURFHVVdHWLQDQGg]PHQ7KHLQGXVWUL
DO ZRUN V\QWKHVLV DQG FKDUDFWHUL]DWLRQ RI UHVROV LP
SUHJQDWLRQ DQG SUHVVLQJ RI SDSHUV ZDV FDUULHG RXW LQ
&HQWUR 6$ 6DQ )UDQFLVFR &yUGRED $UJHQWLQD DQG
WKH ILQDOSURSHUWLHVRI WKH ODPLQDWHVSURGXFHGZHUHGH




WDLQHG LQ WKH ODERUDWRU\ LQGXVWULDO LPSUHJQDWHG SDSHUV





A. Raw materials 
7KH IROORZLQJ PDWHULDOV ZHUH XVHG IRU WKLV ZRUN )
ZZ $OWR 3DUDQi $UJHQWLQD 3 'DOJDU 6$ $U
JHQWLQD VRGLXP OLJQRVXOIRQDWH SRZGHU 9L[LOH[6';
%UD]LO.UDIWW\SH SDSHU RI JP 6WRUD(QVR DQG
DFHOOXORVHW\SH SDSHU LPSUHJQDWHG ZLWK 0) UHVLQ
&HQWUR6$
B. Characterization of sodium lignosulfonate 
7KH FKDUDFWHUL]DWLRQ RI VRGLXP OLJQRVXOIRQDWH LQFOXGHV
WKHIROORZLQJGHWHUPLQDWLRQVPRLVWXUHDQGDVKE\JUDY
LPHWULF DQDO\VLV FDUERK\GUDWHV E\ +LJK 3HUIRUPDQFH
&KURPDWRJUDSK\>+3/&@&+1DQG6FRQWHQWE\(O
HPHQWDO$QDO\VLVSKHQROLFK\GUR[\OJURXSVE\89YLV
6SHFWURVFRS\ DQG IXQFWLRQDO JURXSVE\)RXULHU7UDQV
IRUP,QIUDUHG6SHFWURVFRS\>)7,5@
C. Synthesis of industrial resols 
$ WUDGLWLRQDO UHVRO 7 DQG DPRGLILHG UHVRO / E\ UH
SODFLQJDZZRI3E\ FRPPHUFLDO VRGLXP OLJQR




7KH V\QWKHVLV RI WKH / UHVRO LQYROYHG WKH OLJQRVXO
IRQDWH K\GUR[\PHWK\ODWLRQ DV D ILUVW VWHS DQG D FR
FRQGHQVDWLRQRI3ZLWKWKHK\GUR[\PHWK\ODWHGOLJQRVXO
IRQDWHDWS+ DQG7 &DVDVHFRQGVWDJH6DPSOHV
ZHUH WDNHQ DORQJ WKH K\GUR[\PHWK\ODWLRQ WRGHWHUPLQH
WKHIUHHWRWDO)>)7@E\WKHWHFKQLTXHRIK\GUR[\ODPLQH
K\GURFKORULGH,62,QDGGLWLRQWKHGHQVL
W\ YLVFRVLW\ DQG VROLGV FRQWHQW ZHUH PHDVXUHG DW WKH
HQGRIWKHV\QWKHVLV
D. Industrial impregnation papers 
7KHLPSUHJQDWLRQZDVFDUULHGRXWDFFRUGLQJWRLQGXVWUL
DO SURFHGXUHV LQ D *25'21 ERGLHV LPSUHJQDWLRQ
PDFKLQH UHVLQ EDWK WXQQHOW\SH GU\LQJ DQG JXLOOR
WLQH.UDIWW\SH SDSHUV RI JP ZHUH LPSUHJQDWHG
ZLWKDZZZHWEDVLVRI7DQG/UHVROVSULRUDG
GLWLRQ RI ZZ FDUERK\GUDWHV IRU/ UHVLQ ,QGXVWULDO
LPSUHJQDWHG SDSHUV DUH DQLVRWURSLF GXH WR ODPLQDWLRQ
FRQGLWLRQV 7KH LQSODQH PHFKDQLFDO SURSHUWLHV VKRZ
WZR PDLQ GLUHFWLRQV SDUDOOHO DQG SHUSHQGLFXODU WR WKH
UROOLQJGLUHFWLRQV
E. Preparation and characterization of laminates
/DERUDWRU\ ODPLQDWHVZHUHREWDLQHGZLWKRXWGHFRUDWLYH
VXUIDFH D FHOOXORVHW\SH SDSHU LPSUHJQDWHG ZLWK0)
LQRUGHU WRHYDOXDWH WKHPHFKDQLFDOSHUIRUPDQFHRI WKH
VXEVWUDWH SDSHU LPSUHJQDWHGZLWK UHVRO$OVRSURSHU
WLHVRILQGXVWULDOGHFRUDWLYHODPLQDWHZHUHPHDVXUHG
E.1. Laboratory laminates 
$ WUDGLWLRQDO ODPLQDWH /7 DQG D PRGLILHG ODPLQDWH
// ZHUH IDEULFDWHG E\ SUHVVLQJ  .UDIW SDSHUV LP
SUHJQDWHG ZLWK / DQG 7 UHVSHFWLYHO\ LQ D ODERUDWRU\
K\GUDXOLF SUHVV KHDWHG ZLWK VWHDP/DPLQDWHV RI 
PPLQZLGWKPPLQOHQJWKDQGPPRIWKLFNQHVV




)LQDOO\ PHFKDQLFDO SURSHUWLHV VXFK DV WHQVLOH
VWUHQJWK $670 '  IOH[XUDO VWUHQJWK










LPHQV RI /7 DQG // ZHUH WHVWHG  5HFWDQJXODU VSHFL
PHQV RI PP LQ OHQJWK PP LQ ZLGWK DQG 
PPRIWKLFNQHVVZHUHH[DPLQHG
7KH WHVWVZHUHSHUIRUPHGRQ D0RGHO ,QVWURQ
XQLYHUVDOWHVWLQJPDFKLQHZLWKFRQWUROOHGGLVSODFHPHQW
$N1ORDGFHOODQGDQ,167521H[WHQVRPHWHUZHUH
XVHG WRREWDLQ WKH HODVWLFPRGXOXVRI WKHPDWHULDO7KH
GHWHUPLQDWLRQV ZHUH FDUULHG RXW DW URRP WHPSHUDWXUH
DQGZLWKDFURVVKHDGVSHHGRIPPPLQ$FDOLEUDWHG
OHQJWKRIPPZDV VHW 6XSSOHPHQWV WDEVZHUHHP
SOR\HG WR UHGXFH VWUHVV FRQFHQWUDWLRQ LQ WKH UHJLRQ RI
JDJJLQJDVUHFRPPHQGHGLQ$670'
Point flexural test 
3RLQW IOH[XUDO WHVWV ZHUH SHUIRUPHG DFFRUGLQJ WR
$670 '   7KH YDOXHV RI IOH[XUDO VWUHQJWK
DQG HODVWLF PRGXOXV LQ ORQJLWXGLQDO DQG WUDQVYHUVH
GLUHFWLRQV ZHUH REWDLQHG  VSHFLPHQV RI /7 DQG //
ORQJLWXGLQDOO\ DQG WUDQVYHUVHO\RULHQWHG UHVSHFWLYHO\
ZHUH PHDVXUHG 5HFWDQJXODU VSHFLPHQV RI  PP LQ
OHQJWKPPLQZLGWKDQGDWKLFNQHVVRIPPZHUH
XVHG  7KH WHVWV ZHUH SHUIRUPHG RQ D  0RGHO
,QVWURQ XQLYHUVDO WHVWLQJ PDFKLQH DW URRP DWPRVSKHUH
DQG ZLWK D FURVVKHDG VSHHG RI  PPPLQ  )RU HDFK
VDPSOH WHVWHG D VSDQ RI  PP ZDV VHW WDNLQJ LQWR
DFFRXQWWKHUHODWLYHVSDQWKLFNQHVVUDWLRRI
Dart drop impact test 
7HVWVZHUH FDUULHGRXW IROORZLQJ WKH$670'
 LQ RUGHU WR FKDUDFWHUL]H WKH IUDFWXUH EHKDYLRU
DJDLQVW LPSDFW GDUW ORDGV $ &($67  )UDFWRYLV
*UDYLW\ 'URS PDFKLQH HTXLSSHG ZLWK D VWHHO GDUW RI
PPLQGLDPHWHUDQGDVXSSRUWRIPPLQGLDPHWHU
ZDVXVHGVDPSOHVRI/7DQG//ZHUHWHVWHGUHVSHF
WLYHO\ 6TXDUH VSHFLPHQV ZLWK D VL]H RI u PP




$QHQRXJKGLVWDQFHZDV NHSW EHWZHHQ VXFFHVVLYH WHVWV
LQRUGHU WR HQVXUHQR LQIOXHQFH IURPSUHYLRXV LPSDFWV




VSHHG RI  PV FRUUHVSRQGLQJ WR WKH VSHHG DW WKH





'HFRUDWLYH ODPLQDWHV /7L DQG //L RI î PP
DQGPPRIWKLFNQHVVZHUHREWDLQHGE\FRPSUHVVLRQ
RIDFHOOXORVHSDSHULPSUHJQDWHGZLWKEDVH0)UHVLQ
DQG .UDIWW\SH SDSHUV LPSUHJQDWHGZLWK7 DQG/ UH
VROHV UHVSHFWLYHO\  7KH SUHVVLQJ ZDV FDUULHG RXW LQ D
)-(//0$1GLVFRQWLQXRXVSUHVVZLWKDKRWFROGF\FOH
DW  NJFP ZLWK D KHDWLQJ WLPH RI  PLQ WR UHDFK





Boiling water resistance test 








WKH\ ZHUH GULHG UHZHLJKWHG DQG WKH IRXU YHUWLFHV
WKLFNQHVVHVZHUHPHDVXUHG $YHUDJH PDVV DQG WKLFN
QHVVLQFUHPHQWVIRUHDFKVSHFLPHQZHUHGHWHUPLQHG
Ball drop impact test 
)ROORZLQJ ,5$0  UHFWDQJXODU VSHFLPHQV
RIîPPZHUHFXW7KHVWDLQOHVVVWHHOEDOO
PP GLDPHWHU DQG  J ZDV GURS IURP D IL[HG






III. RESULTS AND DISCUSSION 




7KH EDQG DW  FP LV DVVLJQHG WR K\GUR[\O
JURXSV 2+7KHEDQG &+ IURPPHWK\ODQGPHWK
\OHQH JURXSV DSSHDUV DW  FP %DQGV FRUUH
VSRQGLQJWRDURPDWLFVNHOHWRQDQGGXHWRDOFRKROVFDU
ER[\O JURXSV DQG HWKHUV DSSHDU DW  FP DQG 
FP UHVSHFWLYHO\ 7KH GLVWLQFW EDQG DSSHDULQJ DW 
FPíLQWKHVSHFWUXPLVDVVLJQHGWRWKHVXOIRQLFJURXSV
62VWUHWFKLQJYLEUDWLRQ
)LJXUH D VKRZV WKH HYROXWLRQ RI )7 DQG )LJ E
SUHVHQWV WKH UHDFWHG ) )U H[SUHVVHG DV WKH GLIIHUHQFH
EHWZHHQWKHLQLWLDOWRWDO))iDQG)7SHUNJRIOLJQRVXO
IRQDWH DVKDQGVXJDUV IUHH$VH[SHFWHG)7GHFUHDVHV
































FRPSDULVRQZLWK7UHVLQGXH WR WKH ORZHUUHDFWLYLW\RI
OLJQLQVLQFRPSDULVRQZLWK3DVLWZDVUHSRUWHGLQOLWHUD
WXUHdHWLQDQGg]PHQ
 )RU ODERUDWRU\ ODPLQDWHV DOO VDPSOHV LQ WUDFWLRQ
EURNH RXWVLGH WKH FDOLEUDWHG OHQJWK GHWHUPLQHG E\ WKH















VKHHWV QHDU WR WKH VXUIDFH VLQFH ZKHQ XVLQJ D ORZHU
FODPSLQJ SUHVVXUH RQ WKH MDZV GXULQJ WHVWLQJ VOLSSDJH
RIWKHVSHFLPHQRFFXUV7KLVEHKDYLRUZDVREVHUYHGLQ
ERWKWUDGLWLRQDODQGPRGLILHGODPLQDWHV
)LJXUH  VKRZV WKH VWUHVVVWUDLQ FXUYHV REWDLQHG




DEOHGLIIHUHQFHVEHWZHHQ WKH FXUYHV IRU WKH WHVWV LQ WKH




7KH PDLQ PHFKDQLVP RI IDLOXUH LQ IOH[XUDO WHVW LV
WUDFWLRQGHYHORSHGLQWKHVKHHWVRQWKHVXUIDFHRSSRVLWH
WR WKH FRQWDFW  /DUJH FUDFNV LQ WKH WKLFNQHVVGLUHFWLRQ
DFURVV WKH VDPSOH ZHUH VHHQ LQ DOO VDPSOHV RI // DQG
VRPH RI /7 GXH WR SRRU DGKHVLRQ EHWZHHQ WKH OD\HUV
)LJ
)LJXUH  VKRZV WKH VWUHVVVWUDLQ FXUYHV IRU /7 DQG
//IRUWKHORQJLWXGLQDODQGWUDQVYHUVHWHVW,QLWLDOO\WKH
VDPSOHVKRZVDOLQHDUEHKDYLRUIROORZHGE\DVORSHUH
GXFWLRQ GXH WR QRQYLVLEOH GDPDJH WDNLQJ SODFH'DP
DJH LV DFFXPXODWHG XS WR WKH SHDN ORDG ZKLFK FRUUH
VSRQGV WR WKH PD[LPXP EHQGLQJ UHVLVWDQFH VWUHQJWK
1RWH WKDW DOWKRXJK VXGGHQ IDLOXUH RFFXUV GXH WR WKH
SUHVHQFH RI UHLQIRUFLQJ ILEHUV WKH VSHFLPHQ UHWDLQV D
SDUWLDODELOLW\WRZLWKVWDQGORDGVDIWHUIDLOXUH
5HJDUGLQJ WKH LPSDFW WHVWV QR REVHUYDEOH GLIIHU
HQFHV ZHUH IRXQG EHWZHHQ PRGLILHG DQG WUDGLWLRQDO
VDPSOHV7KHPDWHULDOQHDUWRWKHERWWRPVXUIDFHRSSR
VLWH WR WKH ORDG DSSOLFDWLRQ SRLQW GHODPLQDWHGZLWKRXW
EHLQJFRPSOHWHO\SHUIRUDWHGE\WKHGDUW)LJVXJJHVW
LQJDQLQVXIILFLHQWDGKHVLRQEHWZHHQWKHOD\HUV)LJXUH
























IRU IOH[XUDO WHVWV >)LJ DE DQG )LJ FG UHVSHF
WLYHO\@ DQG WKH HQHUJ\ DEVRUEHG LQ IUDFWXULQJ (, DQG
PD[LPXP ORDG &, IURP LPSDFW WHVW >)LJ DE UH
VSHFWLYHO\@
0HFKDQLFDOSURSHUWLHVRIODPLQDWHVVKRZQRWLFHDEOH
GLIIHUHQFHV ZKHQ ORDGHG LQ WKH WZR PDLQ GLUHFWLRQV
7KHVH GLIIHUHQFHV ZHUH DWWULEXWHG WR WKH DQLVRWURS\ RI
WKHLPSUHJQDWHGSDSHUVZKLFKLVUHWDLQHGLQWKHFRPSR
VLWHPDWHULDO ,Q DOO FDVHV WKHYDOXHV FRUUHVSRQGLQJ WR
ORQJLWXGLQDOGLUHFWLRQRIWKHSDSHUZHUHKLJKHUWKDQWKH
WUDQVYHUVDO














LVI\ WKH DVVXPSWLRQVRI KRPRVFHGDVWLFLW\ DQG UHVLGXDOV













































HG VWDWLVWLFDOO\ HTXDO IRU D FRQILGHQFH OHYHO RI 
p>7KHVHUHVXOWVVKRZWKDWWKHUHSODFHPHQWRI3
E\ ZZ RI OLJQRVXOIRQDWH GLG QRW SURGXFH HIIHFWV
WKDWZHUHGHWULPHQWDO WR WKHRYHUDOOSHUIRUPDQFHRI WKH
GHFRUDWLYH ODPLQDWHV +RZHYHU VWDWLVWLFDOO\ VLJQLILFDQW
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